Two immunohistochemical methods that allow the concurrent localization of neuroactive substances within individual neurons have been used to identify, count, and chart the distribution of corticotropin-releasing factor (CRF)-immunoreactive cells in the paraventricular nucleus of the hypothalamus (PVH) that may also contain an additional peptide. In colchicine-treated male rats a moderate number of oxytocin-stained cells, localized primarily in a discrete, anterior part of the magnocellular division of the nucleus, was found also to stain positively for CRF. Similarly, oxytocin and CRF immunoreactivity were jointly expressed in magnocellular neurons distributed diffusely in the supraoptic nucleus. Smaller numbers of vasopressin-and neurotensin-stained neurons centered in specific parts of the parvocellular division of the PVH were stained with antisera against CRF. Possible mechanisms whereby the function of subsets of magnocellular and parvocellular neurosecretory neurons can be modulated differentially are discussed.
The recent isolation and characterization (Vale et al., 1981) of a 41-residue peptide that appears to correspond to the long-elusive corticotropin-releasing factor (CRF) has had obvious physiological and clinical implications. Antisera to the peptide have also provided morphologists with a marker for the group of parvocellular neurosecretory neurons that stimulates the release of ACTH and P-endorphin from the anterior lobe of the pituitary gland. Immunohistochemical studies on the distribution of CRF-stained neurons (e.g., Bloom et al., 1982; Bugnon et al., 1982; Olschowka et al., 1982; Cummings et al., 1983; Merchenthaler et al., 1983; Swanson et al., 1983) confirm recent functional work (e.g., Makara et al., 1981; Ixart et al., 1982; Antoni et al., 1983) suggesting that while the peptide is widely distributed in the central nervous system, the vast majority of cells delivering the hormone to portal vessels in the median eminence are localized in the paraventricular nucleus of the hypothalamus (PVH). This nucleus is best known for its role in the synthesis and delivery of the nonapeptide hormones oxytocin and vasopressin to the posterior lobe of the pituitary, although it is now clear that the PVH also contains separate and topographically distinct subpopulations of neurons that project to the neurohemal zone of the median eminence and to autonomic centers in the brainstem and spinal cord (see Swanson and Sawchenko, 1983) . In a recent analysis of the distribution of CRFimmunoreactive neurons in the rat brain (Swanson et al., 1983) , it was noted that stained cells in the PVH are localized primarily in discrete parts of the parvocellular division of the nucleus, where their distribution overlaps in part with that of several other neuropeptides, including neurotensin (Kahn et al., 1980) . In addition, a smaller number of CRF-stained cells were found in parts of the magnocellular division of the PVH in which oxytocincontaining cells are known to be concentrated (Rhodes et al., 1981a; Sawchenko and Swanson, 1982) . In view of the apparent overlap in the distribution of the neuropeptides, as well as a large body of evidence indicating that oxytocin and (especially) vasopressin may serve to modulate ACTH secretion (see Yates and Maran, 1974; Vale et al., 1983) , we have examined the possibility that CRF is co-expressed along with other peptides in individual neurons of the PVH. Other recent analyses have failed to provide a consistent view of this problem; CRF-immunoreactive neurons in the magnocellular division of the PVH have been reported to contain either oxytocin (Burlet et al., 1983 ) or vasopressin (Roth et al., 1983a or neither peptide (Bugnon et al., 1982; Antoni et al., 1983) .
Materials and Methods
Tissue preparation and immunohistochemical procedure. Adult male albino rats of the Sprague-Dawley strain were used in all experiments. Most animals received a single injection of 50 to 100 pg of colchicine into the lateral ventricle 48 to 72 hr before perfusion to arrest axonal transport and thereby enhance the immunohistochemical staining of neuropeptides in cell bodies. This pretreatment is necessary to demonstrate maximal numbers of CRF-and neurotensin-immunoreactive neurons in the PVH. The animals were perfused with ice-cold 4% paraformaldehyde in a two-phase procedure in which the pH of the perfusate is varied (Sawchenko et al., 1982; Swanson et al., 1983) . Up to five one-in-five series of 20 pm thick frozen sections through the PVH were saved and then prepared for indirect immunofluorescence staining of cells that cross-react with antisera against CRF, neurotensin, oxytocin, or vasopressin using a conventional method (Sawchenko and Swanson, 1981) based upon the localization of a primary antiserum raised in rabbits using an affinity-purified, fluorescein-conjugated goat anti-rabbit IgG. The distributions of labeled cells were mapped onto projection drawings made from adjacent series of sections counterstained with thionin, and the region around the PVH was photographed at x 100 magnification using Ilford XP-1 film. The reaction product was then eluted from the tissue with a variant of the method described by Tramu et al. (1978) . In brief, the sections were rinsed in phosphate-buffered saline (PBS) and then placed in a freshly prepared solution of 0.15 M KMn04 and 0.01 N H2S04 for 30 to 60 sec. They were then transferred immediately to 0.5 M NaHS03 until decolorized and were rinsed thoroughly (3 x 10 min) in PBS. The sections were then reincubated in fluoresceinlabeled secondary antiserum, rinsed (2 X 10 min) in PBS, and inspected. The presence of any immunoreactivity in these sections was taken as evidence that the elution procedure had been less than maximally effective, and the material was either re-eluted or discarded. Sections in which the elution procedure was judged to have been complete were then processed for the demonstration of a second neuropeptide using the protocol described above, except that the incubations were carried out on slide-mounted sections. The sections were then rephotographed. Enlargements (8 X 10 inches) of the two sets of photographs were made, and comparisons were made by superimposing tracings of all clearly stained neurons in one set of photographs onto the other. In this way, maps showing the location of cells in PVH that contained CRF and/or oxytocin, CRF and/or vasopressin, and CRF and/or neurotensin were generated from the same tissue sections.
Complete and evenly spaced series of sections through the PVH, in which staining for both antigens was adequate and controls for effective elution were negative, were generated for the oxytocin-CRF comparison (n = 4), the vasopressin-CRF comparison (n = 3), and the neurotensin-CRF comparison (n = 3). Over 50 partial series, generated from 23 rats, provided confirmation of the basic results described below.
As an additional control for method specificity, eight animals were pretreated and perfused as described above, and small blocks of hypothalamic tissue were cut serially in sections 5 to 6 pm thick. The members of pairs of individual sections at all levels of the PVH were stained individually for the presence of oxytocin and CRF, or vasopressin and CRF, or neurotensin and CRF. Comparisons of the location and morphology of stained neurons in adjoining pairs of sections were again made photographically.
Antisera and controls. Antisera against oxytocin and vasopressin were provided by Dr. F. Vandesande and Dr. K. Dierickx (University of Ghent, Belgium) and were cross-adsorbed in the solid phase against the heterologous antigen according to a procedure outlined elsewhere (Swaab and Pool, 1975) . Specific staining with each antiserum was blocked when immunoprocessing was carried out using sera that had been pre-incubated with an excess (15 mg ml-l) of the homologous synthetic peptide and then diluted to the working concentration of 1:2000.
The antiserum against neurotensin was provided by Dr. M. R. Brown (Peptide Biology Laboratory, The Salk Institute) and was prepared against neurotensin conjugated with glutaraldehyde to thyroglobulin. This serum (Nil-1) is directed against the C-terminal portion of the molecule (Brown et al., 1978) and was used at a dilution of 1:4000. All staining in the hypothalamus was blocked by the addition of synthetic neurotensin (15 mg ml-l) to the serum.
To ensure the validity of our localization of CRFimmunoreactive neurons, three sera against CRF human a-globulin conjugates were used. Two of these (C24 and C30) are directed against the C-and N-terminal portions, respectively, of the ovine CRF molecule (Swanson et al., 1983; Vale et al., 1983) . The third was prepared against a synthetic rat CRF (Rivier et al., 1983) conjugate. Each of these sera was used at a final dilution of 1:3000, and pre-incubation of each with 22 mg ml-l of the respective immunogen blocked specific staining of cells and fibers in the hypothalamus. All sera used for both normal immunohistochemistry and blocking experiments contained 10 mg ml-' of the "carrier" protein used for immunization.
Finally, although there has been no suggestion from our previous radioimmunoassay (Vale et al., 1983) or immunohistochemical (Swanson et al., 1983 ; P. E. Sawchenko and L. W. Swanson, unpublished data) studies of significant cross-reactivity of our anti-CRF sera with any of the other three peptides of interest here, about half of our co-localization experiments were carried out using anti-CRF sera that were preabsorbed with 20 mg ml-l of neurotensin, oxytocin, or vasopressin and antisera against the three latter peptides that were preincubated with an equivalent concentration of synthetic (ovine or rat) CRF.
Results
Each of the three anti-CRF sera yielded patterns of staining in the PVH that were qualitatively similar and that were not altered by preabsorption with any of the other peptides of interest here. Staining with anti-rat CRF was somewhat brighter than that with antisera directed against ovine CRF, although direct counts of the total number of stained cells in the PVH with each antiserum were almost identical (about 2000). Therefore, we shall refer to CRF-immunoreactive cells, without reference to the species from which the immunogen was derived. Similarly, pre-incubation of antisera against oxytocin, vasopressin, or neurotensin with an excess of either synthetic ovine or rat CRF did not appear to alter the pattern of staining (or co-staining) that was seen with these antisera.
The distribution of CRF-, oxytocin-, vasopressin-, and neurotensin-stained cells in the PVH of material subjected to the elution procedure was in all respects similar to that seen in normal material (Sawchenko and Swanson, 1982; Swanson et al., 1983 ; P. E. Sawchenko and L. W. Swanson, unpublished observations). In the best of our elution experiments, actual counts of immunoreactive cells also corresponded closely to those found normally. Typically, however, a 10 to 15% reduction in the number of cells counted in the PVH was evident in eluted material, so that our counts of cells that stained for CRF and an additional peptide may slightly underestimate the actual size of the populations in which co-localization occurs.
The analysis described below is based on the results of sequential double staining studies. Nevertheless, each of the basic patterns of co-localization was confirmed using separate antisera to stain adjacent thin sections.
Oxytocin-CRF comparison. Of the three combinations examined, the greatest number of cells in the PVH with possible neuropeptide co-localization was observed with antisera against oxytocin and CRF. Such doubly labeled cells were concentrated in a discrete, anterior part of the magnocellular division of the nucleus ( Fig. 1 and 2A ; see Swanson and Kuypers, 1980, for parcellation) , which corresponds to the anterior commissural nucleus of Peterson (1966) . In four complete series through the PVH, an average of 83 + 10 cells in this part of the nucleus were stained for both antigens (Table I ). This number constitutes about 40% of the total number of oxytocinstained neurons in the anterior magnocellular part of the PVH (Sawchenko and Swanson, 1982) . Smaller numbers of cells containing oxytocin and CRF immunoreactivity were found in the medial and posterior magnocellular ( Fig. 3) parts of the nucleus, even though the latter contains by far the greatest number of oxytocinergic cells in the nucleus. Indeed, a clear rostrocaudal gradient was evident, with progressively fewer doubly labeled cells in more caudal parts of the magnocellular division of the PVH (see Fig. 2 ).
Some 29% of all cells with both oxytocin and CRF immunoreactivity were scattered throughout most parts of the parvocellular division of the PVH. However, doubly labeled cells were never seen in the dorsal parvocellular part of the nucleus, whose principal efferent projection is to the spinal cord (Sawchenko and Swanson, 1981) . It should also be noted that a significant number of cells in the parvocellular division that stained for oxytocin and CRF were large (20 to 25 pm in diameter) and were localized in close proximity to magnocellular cell groups. This finding raises the possibility that at least some of these represent displaced magnocellular neurosecretory neurons, a small fraction of which are known to be dispersed through the parvocellular division (Sherlock et al., 1975; Swanson and Kuypers, 1980) . Consistent with the indications that a subset of magnocellular oxytocinergic neurons also express CRF immunoreactivity was the identification of a small number of cells in the supraoptic nucleus (SO) that also appear to express both peptides (Fig. 4) . CRF-stained neurons in the SO were not found in all experiments, and they tended to be stained somewhat less intensely than those found in the magnocellular division of the PVH. Typically, not more than two or three were seen at any given rostrocaudal level of the nucleus. However, CRF-stained neurons did tend to be localized in the dorsal part of the SO, where oxytocinergic cells are known to predominate (see Swanson and Sawchenko, 1983) . Consistent with this, all experiments that yielded unequivocal results indicated that CRF coexists exclusively with oxytocin in magnocellular neurons of the SO.
Vasopressin-CRF comparison. The distribution of vasopressin and of CRF-stained neurons in representative sections through the PVH is shown in Figure 5 . In contrast to the results with oxytocin and CRF co-staining, the magnocellular division was largely devoid of cells that stained for vasopressin and CRF, except for a few cells in the anterior magnocellular part of the nucleus (Table I) . Indeed, in the posterior half of the PVH the topographic segregation of vasopressin and of CRFstained cells is quite pronounced, and few, if any, doubly labeled cells were apparent at these levels (Figs. 5, D to F and 6) . Surprisingly, small numbers of cells were found in the anterior parvocellular part of the nucleus that reliably stained for both peptides (Fig. 5, A and B) . It should be emphasized that the average number of cells in the PVH that contained vasopressin and CRF immunoreactivity (33 f. 9) constitutes only about 3% of the total number of vasopressinergic cells in the nucleus (Sawchenko and Swanson, 1982) . As mentioned above, CRF-stained cells in the SO were never found to stain with our antiserum against vasopressin.
Neurotensin-CRF comparison. In agreement with previously published reports (e.g., Kahn et al., 1980) , neurotensin-stained cells were localized primarily in the same (anterior and medial) parts of the parvocellular division of the PVH in which CRF-immunoreactive cells are known to be concentrated, although their distributions here are distinctive (compare Figs. 5 and 7) . Accordingly, an average of about 100 cells on each side of the brain were stained for both neurotensin and CRF and were found almost exclusively in just these regions (Fig. 8, Table I ). It is likely that these counts substantially underestimate the number of cells in which these two peptides coexist since both cell types are very densely clustered in the dorsal medial parvocellular part of the PVH, which may well have compromised our ability to However, note that some cells in this field clearly express oxytocin or CRF immunoreactivity, but not both. Magnification X 275.
identify additional doubly stained cells. One major difference in the distribution of these cell types is that neurotensin-stained cells were rarely seen in the magnocellular division of the PVH (and none of these were also CRF-stained) and were never found in the SO.
Discussion
In these experiments, CRF immunoreactivity was localized in subpopulations of oxytocin-, vasopressin-, and neurotensin-stained neurons in the PVH of the adult male rat. The three populations that presumably contain two different peptides were found to differ in size, and each was concentrated in an anatomically distinct part of the nucleus. Thus, cells stained for both oxytocin and CRF were found primarily in the anterior part of the magnocellular division of the PVH, as well as in the SO, which contains only magnocellular cells. In contrast, the few cells that were found to express CRF and vasopressin immunoreactivity were centered in the anterior part of the parvocellular division of the PVH and were never seen in the SO. A substantial number of neurotensinstained cells, centered in the medial and anterior parts of the parvocellular division, also stained with antisera against CRF. The apparent co-expression of these neuropeptides in the PVH suggests ways in which the function of subsets of chemically specified populations of hypothalamic neurons can be modulated selectively. Before discussing these results in detail, however, it is important to consider factors that bear on their validity.
Although technically cumbersome, the sequential immunostaining method of Tramu et al. (1978) provides a useful way to co-localize peptide antigens in individual neurons when primary antisera raised in different species are not available. In our experience this method is far better suited for determining the overall distribution and the proportion of cells in which co-localization occurs, Fig. 2C ) to show the distribution of CRF (A) and oxytocin (B) immunoreactivity in a single section. In contrast to the anterior magnocellular part of the nucleus, CRF-and oxytocin-stained cells at this level are more strictly segregated in discrete parts of the parvocellular and magnocellular divisions of the PVH, respectively. Note also the difference in cell size. Only one neuron stained with both antisera (arrow) was found at this level. Colchicine-pretreated rat. Magnification X 275.
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The validity of any immunohistochemical method depends upon the specificity of the antisera employed, and several points relevant to this consideration are worthy of comment. First, each of the results reported here was obtained with antisera that were cross-absorbed with concentrations of synthetic peptides in excess of those required to eliminate staining completely when added to the homologous antiserum. Second, antisera against oxytocin and vasopressin were differentially cross-adsorbed against one another, and the now well recognized differences in the distribution of oxytocin and vasopressin immunoreactivity in the rat hypothalamus (see Swanson and Sawchenko, 1983) provided histological confirmation of the effectiveness of this procedure. Finally, and perhaps most importantly, similar results were obtained using antisera against ovine CRF, which have been shown in radioimmunoassay to recognize determinants on different regions of the CRF molecule, and using an additional antiserum against the recently characterized rat CRF molecule (Rivier et al., 1983) . This makes it highly unlikely that our results can be attributed to spurious cross-reactivity of any single anti-CRF serum with an amino acid sequence in an unrelated molecule, or with a precursor form of oxytocin, vasopressin, or neurotensin.
Previous studies addressing the question of whether CRF may be expressed along with oxytocin or vasopressin in magnocellular neurosecretory neurons have provided conflicting results. Based on comparisons of immunohistochemical staining patterns, it has been suggested that CRF is not contained within oxytocinergic or vasopressinergic cells in the PVH (Bugnon et al., 1982; Antoni et al., 1983) , although in one of these studies an "accessory paraventricular nucleus" was said to contain some CRF-immunoreactive cells, as was the SO (Bugnon et al., 1982) . Approaching the issue directly, Roth et al. (1983a) described co-localization of CRF and vasopressin immunoreactivity in a subpopulation of magnocellular neurons in the PVH, but not in the SO, of colchicine-treated adrenalectomized rats. This result was not obtained in the Brattleboro rat, a mutant strain that is genetically unable to synthesize vasopressin. Most recently Burlet et al. (1983) provided results that are . Very few cells were found to display both vasopressin and CRF immunoreactivity, and these were concentrated in the anterior part of the parvocellular division of the nucleus (A and B). Note the rather strict topographic segregation of the two cell types through the caudal half of the nucleus.
generally compatible with those of the present study. These authors found that CRF and oxytocin immunoreactivity was expressed in a subset of rostrally situated magnocellular neurons in the region of the PVH. In the SO, however, only the most caudal (retrochiasmatic) part of the nucleus was found to contain cells that expressed both peptides. Similar results were reported in the Brattleboro rat, strengthening the conclusion that oxytocinergic cells are preferentially, if not exclusively, involved. Several considerations raised by the present results, and some recent additional observations, may help to resolve these discrepancies. First, the localization of doubly stained cells in the anterior magnocellular part of the PVH strongly supports the conclusion that CRF immunoreactivity is preferentially associated with oxytocinergic magnocellular neurons, since two independent analyses confirm that the vast majority of magnocellular neurons here are oxytocinergic (Rhodes et al., 1981a; Sawchenko and Swanson, 1982) . On the bases of contiguity and connectivity, we have considered this cell group as a part of the PVH (see Swanson and Sawchenko, 1983) , although others have considered it as one of the larger "accessory" neurosecretory cell groups dispersed throughout the hypothalamus (Peterson, 1966; Bugnon et al., 1983) . This may explain the failure of several groups to describe CRF-oxytocin co-localization in the magnocellular division of the PVH. In the caudal half of the nucleus, i.e., the posterior magnocellular part of Swanson and Kuypers (1980) , very few cells were found jointly to express oxytocin and CRF immunoreactivity. Second, in considering the report that CRF immunoreactivity is localized in a subpopulation of vasopressinergic neurons (Roth et al., 1983a) , it should be borne in mind that these results were obtained in animals that were pretreated with colchicine and adrenalectomized. Adrenalectomy has been shown to enhance CRF immunostaining in a subset of neurons centered in the parvocellular division of the PVH (e.g., Bugnon et al., 1983; Merchenthaler et al., 1983; Swanson et al., 1983) , presumably as a consequence of the removal of circulating adrenal steroids, which provide a feedback inhibition of CRF production (see Yates and Maran, 1974) . The very small population of neurons in the parvocellular division of the PVH that was found here to express both CRF and vasopressin immunoreactivity in animals pretreated only with colchicine seems unlikely to account for the findings of Roth et al. (1983a) . However, we have recently found that after adrenalectomy alone, vasopressin immunoreactivity is expressed in a large subpopulation of CRF-stained neurons in the parvocellular division of the PVH (Sawchenko et al., 1984) be attributable to the use of two pretreatment regimens to enhance CRF immunostaining, one of which also appears to exert an effect on the expression of vasopressin immunoreactivity in the PVH. Finally, there are conflicting reports as to whether CRF is produced at all by neurons in the SO. Several laboratories have reported results compatible with those described here, namely, that a few weakly stained CRF cells may be seen in frontal sections through all levels of the SO in the rat (Bugnon et al., 1982; Olschowka et al., 1982; Cummings et al., 1983 ). Perhaps a relatively low level of CRF synthesis in this population is responsible for the failure of other groups (Antoni et al., 1983; Roth et al., 1983a) , including our own (Swanson et al., 1983) , to detect CRF immunoreactivity in these neurons or to detect it only in a topographically specified subpopulation (Burlet et al., 1983) . However, it is of interest that in a number of other species, CRF-stained neurons in the SO appear to represent a sizable subpopulation and to be intensely stained (Kawata et al., 1982) . The present report and that of Burlet et al. (1983) do agree that those CRFstained neurons in the SO that were detected also stain for oxytocin.
The joint expression of CRF and oxytocin immunoreactivity adds to the growing list of neuropeptides that have been co-localized in magnocellular neurosecretory neurons. Cholecystokinin l-8 (Vanderhaeghen et al., 1981) and renin (Calza et al., 1982) immunoreactivity has been localized in oxytocinergic neurons, while staining for angiotensin II (Kilcoyne et al., 1980) and dynorphin (Roth et al., 1983b) has been reported in vasopressinergic cells. Evidence for the presence of a glucagonlike peptide has also been reported in what appear to be vasopressinergic regions of the PVH and the SO (Tager et al., 1980) . The reported co-distribution of dynorphin and vasopressin immunoreactivity may be viewed as conflicting indirectly with the present findings, since dynorphin has also been reported to coexist with CRF in magnocellular neurosecretory neurons (Roth et al., 1983b) . However, the distribution of dynorphin-stained Neurotensin 0 CRF l Double + Sawchenko et al. Vol. 4, No. 4, Apr. 1984 The Journal of Neuroscience Co-localization of CRF Immunoreactivity 1127 neurons in the PVH and SO also appears to overlap with that of oxytocinergic cells (compare Watson et al., 1982; Khachaturian et al., 1982 with Rhodes et al., 1981a Sawchenko and Swanson, 1982) , and this question is currently being re-examined in our laboratory. This issue notwithstanding, our findings regarding the co-localization of CRF and oxytocin immunoreactivity differ somewhat from other reports of peptide coexistence in the magnocellular neurosecretory system in that a relatively small subset of oxytocinergic neurons appears to be selectively involved. The functional significance of peptide co-localization in the magnocellular neurosecretory system is not yet clear. However, the presence of CRF in magnocellular neurons does suggest that the peptide may gain access to the general circulation. CRF-stained terminals have been reported in the posterior lobe of the pituitary gland (e.g., Bloom et al., 1982; Burlet et al., 1983) , although it has been difficult to detect the peptides in peripheral blood using radioimmunoassay (Gibbs and Vale, 1982) . CRF in magnocellular neurons may serve to modify the release of the neurohypophyseal peptide from the posterior lobe, or it may exert physiological effects at specific target tissues in the periphery. It is interesting to note that an effect of systemically administered CRF on a physiological parameter (blood pressure) has been reported that is opposite in sign to that seen when the peptide is injected centrally (Brown et al., 1982; Fisher et al., 1982) . Thus, it will be of interest to determine whether the expression of CRF and oxytocin immunoreactivity in magnocellular neurons is regulated similarly and whether the anterior magnocellular part of the PVH receives a different complement of neural or blood-borne inputs than the remaining oxytocinergic cell groups. Thus far, a light microscopic analysis of the organization of afferent projections to the PVH and SO has provided little evidence for differential neural control (see Swanson and Sawchenko, 1983; Sawchenko and Swanson, 1983 for reviews). With respect to humoral factors, however, evidence suggestive of a differential control of magnocellular cell groups is available. Using a quantitative immunohistochemical method, Rhodes et al. (1981b) found that water deprivation and manipulation of gonada1 hormone levels differentially influenced the oxytocin content of cells in different magnocellular cell groups, with the anterior magnocellular part of the PVH3 being most consistently affected.
Our finding that vasopressin and neurotensin immunoreactivities are expressed in discrete subsets of parvocellular CRF-stained neurons is similar to the pattern of partially overlapping distributions in the magnocellular system. This contrasts with the recent findings of Hokfelt et al. (1983) , who described extensive overlap in the distribution of CRF-stained cells in the parvocellular division of the PVH with that of cells stained with antisera against both enkephalin and PHI. Vasopressin ' The anterior magnocellular and posterior magnocellular parts of the PVH are referred to in the study of Rhodes et al. (198b) as the anterior commissural nucleus and the paraventricular nucleus, respectively.
was once thought by some to be the principal CRF of the hypothalamus (see Yates and Maran, 1974) , although it is now clear that the nonapeptide serves primarily to modulate the activity of the 41-residue peptide isolated and characterized by Vale et al. (1981) . The present results, coupled with our recent finding that vasopressin immunoreactivity is expressed by a majority of parvocellular CRF-stained neurons in the adrenalectomized rat (Sawchenko et al., 1984) , indicates that the two peptides which act synergistically to control the release of ACTH and /3-endorphin from the anterior pituitary are produced by a single population of neurons. The significance of the observation that only a small fraction of these were detected in colchicine-treated, nonadrenalectomized animals is not yet clear.
Neurotensin-stained neurons were also found to have a distinctive localization in the parvocellular division of the PVH (see also Kahn et al., 1980) , and some of these were also found to express CRF immunoreactivity. Neurotensin-stained fibers have been observed in the neurohemal zone of the median eminence (Kahn et al., 1980; Jennes et al., 1982) , and effects of large doses of neurotensin on anterior pituitary hormone release have been described (e.g., McCann et al., 1982) . Such effects have not yet been shown to include an influence on ACTH release.
In summary, we have described a partial correspondence in the distribution of CRF immunoreactivity with that of oxytocinergic magnocellular neurosecretory neurons, and with presumed parvocellular neurosecretory neurons that express either vasopressin or neurotensin immunoreactivity.
Such distributions indicate that at least one functional consequence of neuropeptide coexistence in the PVH and SO may be to define subpopulations of neurons that express a given combination of peptides whose action in a given terminal field or target tissue may be different than that of either single peptide alone. Possible roles for co-existing peptides as local, autocrine or paracrine, regulatory agents at the level of the hypothalamus, median eminence, and pituitary must also be considered. Perhaps the most interesting possibility raised by these findings is that the synthesis of colocalized peptides on a neuron may change over the course of time as a function of its neural and endocrine inputs.
